deregulated environment transmission congestion is managed in many different ways. Most utilities create; update their own rules of how the congestion is managed. The common output in most cases is temporary congestion relief and higher costs of energy to the end user. Transmission congestion problem is studied from different aspects, i.e. congestion relief, energy price reduction, congestion costs and cost recovery or payback period. The proposed method is tested on an 11 bus 380 kV real system. An analysis is carried out in order to evaluate the payback period for permanent congestion removal.
I. INTRODUCTION
In deregulated power systems, transmission congestion occurs when actual or scheduled flow of electricity on transmission equipment exceeds a defined physical level, either by the physical or electrical capacity of the line, or by the operational restrictions created and enforced to protect the security and reliability of the grid. The imposition of transmission constraints affects the economics of the power network and the cost of electrical energy. In an open market, the energy cost is usually determined by, (a) Forecasted load of the system, (b) Generating companies' market price offers (c) Least cost generator decided by the market coordinator. The preliminary price obtained in this stage is known as Market Clearing Price (MCP) or Market Dispatch (MD) stage.
A. Congestion Management (CM)
In an open electricity markets, congestion is treated in many ways like load shifting, turning off/on generators, contract curtailments etc. Due to this, usually extra charges are incurred in the energy price.
There are many CM schemes used around the world. These CM schemes can be represented by five schemes, i.e. England and Wales, Pennsylvania-Jersey-Maryland (PJM), Norway, Sweden and California [1] A brief survey on the international experience reveals that [1] Since transmission investments are un-attractive and use a lot of assets, investments and pay back usually occur at longer term than generation. Moreover, deregulation discourages the investment of transmission equipment. Another reason, congestion gives market power the transmission owner and the ISO. Those are usually revenues collectors.
Installing new transmission facilities are usually initiated by regulators and not directly from market participants. This is based on network and market status, but is not based on market principles.
Setting up clear procedures for Market Participants (MPs) or non-MPs to invest in the congestion relief should depend on ISO rules, which include competitive market and system reliability which is mainly responsible for congestion in the first place.
There is no clear approach to eliminate transmission congestions. There is a need to find a methodology that has the following features:
o Congestion relief that will attract investors o Expandable transmission system as per the system requirements o All Market Participants' contribution to the transmission expansion, similar to generation expansion o Enhancement of system security and improvement of operating conditions o Less probability of black out occurrence o Reduced or no government expenditure in the transmission infrastructure o Concept of free markets and open access are applied
In case of generation deficit, new power plants must be built; similarly new substations must be built to relief overloading in order to relieve the congestion instead of increasing the prices.
B. Independent System Operator (ISO)
Power systems under deregulated environment are usually operated by Independent System Operators (ISO), with the primary duty of maintaining system security with least possible cost of energy.
The 
C. Permanent Congestion Removal
In this work a mechanism for permanent congestion removal is presented using the reimbursement of congestion cost based on the addition of a transmission line to the congested path, zone and then calculating payback time through the difference in congestion and investment costs. A real 11 bus 380 kV real system has been considered in this work.
D. Congestion Costs Calculation
Congestion costs can be obtained by one or more of the following three components [3] :
Upliftment Charges: Congestion costs are equal to the increased dispatch payments by the market to generators that are out of merit order.
System Re-dispatch Payments (SRP): Congestion costs are equal to the difference in dispatch payments by the market to generators in the congested case relative to costs for the un-congested case.
Congestion Revenues (CR): Congestion revenues are the evaluation of transmission of energy across a congested interface.
Neglecting losses, these revenues are equal to the product of the energy flow and the price. CR is usually collected by ISO or transmission owners.
In this work, based on how the congestion is defined, the congestion costs can be obtained through the addition of all three components.
II. MATHEMATICAL REPRESENTATION

A. System Re-dispatch Payments
The SRP is obtained through the following equations:
where,
B. Congestion Revenues CR
The Total Congestion Revenues TCR is obtained through the following equations:
Where,
C. Pay Back Period PBP
The PBP is referred to the time needed for a transmission line to cover its cost from the saving in congestion costs. It is obtained through the following equations:
The specific objective of this paper is to suggest a method for congestion relief by transmission expansion and payment recovery process through congestion costs. The tests have been performed on an 11 bus 380 kV real system.
III. STUDY CASE: 11 BUS 380 KV REAL SYSTEM
The selected system is real 380 kV power system reduced to 11 buses. The reduced system has 6 power plants with total capacity of 15,500 MW, total Load of 13,600 MW and 22 380 kV transmission lines. Contingency analysis run on the 11 bus 380 kV real system, considering one line outage at a time reveals that all lines outages in the base case do not cause other lines to be overloaded except for either 1-4 or 2-4 lines. The outage of 1-4 line causes 2-4 line to be overloaded and vice versa. From contingency analysis and by varying the loads it is found that if the flow across zone 4 is limited to 630 MW, no line will be over loaded. Based on that we choose zone 4 (bus 4) and congestion calculations are based on that.
Firstly the LMP's in MCP, of the base case are calculated. Secondly the calculations of LMP's reduction, average reduction, gain and standard deviation are made. Thirdly the calculations of Congestion Revenues and System Re-dispatch Payments are done.
After that, the Congestions Elimination Mechanism is presented and the set of possible added lines is formed. Also, congestion is tested in each case. Then the first 3 steps are repeated after addition of new line, one line at a time. After that the calculation of Pay Back Period is presented. Table I shows the used lines parameters. The existing line lengths and parameters are used. Similar line parameters to the existing lines are used when the length is the same, accepting ± 10 % difference. 
C. Added lines construction cost
For the 380 kV transmission lines construction cost, an average cost per kilometer of 586,000 $ is used. Table III shows the construction cost for each line. 
D. LMP Standard Deviation
The standard deviation is used here to show how close the prices in different buses to each other. As the standard deviation gets smaller as the price profile becomes narrower. Also, the smaller standard deviation shows less congested network and more competitive the market. The result shows that the 11 bus 380 kV real system is very competitive and narrow price profile with maximum standard deviation of 0.2129 in the base case.
It is noticed here that line 1-5 creates the most competitive market environment as compared to all other considered lines. 
E. Upliftment Charges Calculation
The uplift charges are equal to the increased dispatch payments by the market to generators that are out of merit order plus system losses. For our case, it can be obtained through the difference in prices between the MCP and LMPs, in other words, it can be derived from difference in the total system cost. 
F. System Re-dispatch Payments (SRP) Calculations
The SRP obtained in each case are very close to the SRP in the base case, as shown in Table VI . The difference is considered here to measure the saving in each of the added lines, as shown in Tables VI and VII. It is found that the maximum saving is when line 1-5 is added. After adding 2-4 line -8.68
After adding 3-4 line -5.88
After adding 4-5 line -28.56
After adding 4-6 line -28.84
After adding 1-7 line -36.68
After adding 2-7 line -25.76
After adding 3-7 line -19.04
After adding 1-5 line -52.92
After adding 2-5 line -46.20
After adding 3-5 line -41.72
G. Congestion Revenues (CR) Calculations
The CR obtained for this case is quite significant. When there is congestion across bus No 4, the CR equals the extra flow across the congested bus times that bus power price. Obviously, when the congestion is removed the CR becomes zero. In this case, the limit across bus 4 produced from contingency analysis is 630 MW. Extra power flow across bus 4 and CR are shown in Table VIII.   TABLE VIII  CONGESTION 
H. Total Congestions Cost
The total congestion cost gained by each case can be derived by calculating difference in, upliftment charges which is the total price reduction per hour, with respect to base case, SRP, which is the total price reduction per hour, with respect to Market dispatch case and CR, which is the total price reduction per hour, with respect to base case.
All the above calculations duration is one hour. Summary of all considered lines congestion costs is shown in Table IX . Total Saving in Congestion Costs is in range of 3700-4900 $/hour except for the cases that failed the congestion test, as shown in Table IX . 
I. Pay Back Period (PBP)
The PBP for any line here is defined as the time needed to collect enough congestion saving equals to its construction cost, as shown in Table XI .
It is found that the lines which fail the congestion test have the maximum PBP of ~5-10 years. All other lines PBP are less than 3 years with a minimum of 9 months for the case of adding 1-4 line. 
IV. CONCLUSIONS
In this paper a proposal of congestions relief mechanism through transmission expansion was presented as well as payment recovery process through congestions revenues.
It is observed from the results obtained that the Congestion Revenues forms most of the total congestion costs. The CR forms an average 95% in the 11 bus case. For the 11 bus 380 kV real systems, it is found that the total congestion cost might be utilized to eliminate the congestion permanently. his shows an effective fast solution for transmission congestion removal which can be applied in today's electricity markets.
It may be inferred that different approaches used for congestion costs calculation will add other dimensions to the problem.
